Spatial policy-making and implementation at the national and regional levels require, among others, long-term monitoring of socio-economic processes in the spatial and statistical dimension. The paper focuses on the issue of land-use changes for non-agricultural and non-forest purposes in individual provinces (called voivodeships). A special emphasis was put on the intensity and direction of the transformation processes. In order to compile the results in the form of a comparative analysis, a multi-indicator method was developed with the use of the data provided by Local Data Bank for the years 2003-2017. The results illustrate both variations and similarities in the spatial development between the analyzed voivodeships.
INTRODUCTION
The research on regional development constitutes the basis for making strategic development objectives for the country, regions and various sub-regional spatial structures (Dunnell, 2009 ). This kind of monitoring and evaluation provides the information on the progress in implementation of strategies and public polices (KSRR, 2030) . The studies create recommendations that are useful not only to regional government but also to business organizations as well as domestic and foreign investors.
Numerous reports in literature approach the issue in a complex and multifaceted way. Assessments include the following: the development potential of regions, investment attractiveness (Borowicz et al., 2016 ; Godlewska-Majkowska, 2012, 2011), investment activity (Hoła and Nowobilski, 2018; Nazarczuk, 2013) , innovation (Klóska, 2018 ; Kondratiuk-Nierodzińska, 2013), convergence and regional competitiveness (KSRR, 2030; Gołębiewski and Podlińska, 2015; Kowalewska, 2015; Łaźniewska et al., 2011; Murawska, 2010) .
The key element of such studies, in terms of methodology, is an appropriate selection of variables that can describe the studied phenomenon. In most of the abovementioned reports, various aspects are combined, including:
• the economic aspect -financial capital, labour productivity, entrepreneurship, GDP per capita, structure of small and medium-sized enterprises; • the demographic aspect -natural increase, migration, unemployment rate, level of education; • the social aspect (quality of life) -state of the environment, leisure and tourism resources • infrastructural aspect -transport accessibility, supply in gas, water and sewage system; • construction industry aspect -value of construction and assembly production, employment, occupational accidents; • scientific and research potential -public spending on research, development and innovation activities, R&D centres and facilities.
The characteristics listed above do not include territorial dimensions such as changes in land-use structure, but they can both be treated as a cause and an effect of such transformations.
Therefore, it should be stated that from the perspective of contemporary challenges, the spatial management is the key factor of regional development (Łaźniewska, 2015) .
The most dynamic changes in land use structure undeniably occur in urban and suburban zones. However, in recent years, intensive transformations have also been observed in typically rural areas (Senetra et al., 2014; Szymańska and Matczak, 2002) . Decreasing the share of agricultural and forest areas to introduce new residential, industrial, service and transport functions can be an an important measure of the social and economic development.
The aim of the study was to develop a method for assessing the changes in the structure of agricultural and forest lands in regional and sub-regional administrative units using the available statistical data. The assessment results should enable to provide a comparative analysis for the studied units that can be applied in the analysis concerning their spatial and economic development, urbanisation level or even landscape changes.
The utilitarian subject of the research is the diversity assessment of regional spatial development for the construction purposes in Polish voivodeships, measured by changes in allocation of agricultural and forestry areas for investment purposes.
METHODS
The analysis applies to the agricultural and forestry land-use changes in 16 Polish voivodeships (first-tier administrative units) that occurred in the period of 2002-2017. The study includes a quantitative assessment of land transformation at the global level as well as the directions of changes broken down into residential, industrial, service and transport functions.
The comparative analysis used in the study utilizes the indicators to describe the intensity of a given phenomenon in the form of absolute or relative values. The set of the analyzed voivodeships can be described with the following twodimensional matrix of indicators (1): 
where: W -voivodeship (W=1, 2….16) N -indicator used in the analysis (n+1, 2,…., N)
The data from the Local Data Bank for the period of 2003-2017 were used to define indicators that describe agricultural and forestry land use changes in the analyzed voivodships in the following categories: 1. Territorial division -subgroup of country geodetic areas, directions of use; 2. State and protection of natural environment:
− Subgroup of arable and forest land excluded from agricultural and forestry production, by type of land; Subgroup of arable and forest land excluded from agricultural and forestry production, by directions of use. − The following indicators were calculated: − The relative degree of changes in agricultural X 1 (forestry X 3 ) lands in a voivodeship in the period of 2003-2017 (2). The obtained indicator values were normalized in accordance to the formula (4):
where: Z X 1..n -normalized indicator value X 1…n -indicator value before normalization X 1 -mean value in analysed set of objects σ -standard deviation of indicator values
The obtained normalized indicators were a subject of a statistical data analysis -cluster analysis of the Statistica 13.3 software. It is based on grouping (agglomeration) the objects in accordance to the degree of their similarity. In a given group (called a cluster), there are objects similar to each other and -at the same time -different from the objects in other clusters (Wierzchoń and Kłopotek, 2015) . The measure of objects resemblance is a function of distance. In this case, the Euclidean distances were computed, according to the formula (5):
where: W 1 and W 2 -the analysed voivodeships Z n1 , Z n2 -Z n indicators for the voivodeships Apart from the distance measure, the Ward's minimum variance clustering method (Ward 1963 ) was used to group similar voivodeships. The method is considered to be very effective, although it tends to produce small-sized clusters (Łaźniewska et al., 2011) . A dendrogram is the graphical representation of objects agglomeration, where leaves represent individual observations and nodes -clusters. Nodes are located at a level corresponding to the degree of dissimilarity between clusters. The cluster analyses were performed separately for the indicators of the agricultural land use changes (ZX1 i ZX2) and forestry land use changes (ZX3, ZX4).
The available data describing the directions of agricultural and forest lands development excluded from agricultural and forestry production, were used to calculate the three additional indicators:
• The indicator of repurposing of agricultural and forest lands for residential development -
where: P AF-res -total area of agricultural and forest lands repurposed for residential development in the period of 2003-2017 [ha] P res -total area of residential lands in a voivodeship in 2017 [ha]
• The indicator of repurposing of agricultural and forest lands for industrial and service development -X 6 (7) In order to present the differences between voivodships concerning the changes of agricultural and forest land purpose, it was decided to perform normalization of the indicators X 5 , X 6 , X 7 according to the maximum value in a given set, i.e. (9) 5(6,7) 5( 6, 7)
5 (6, 7) max
In order to present the spatial structure of repurposing the agricultural and forest land in individual voivodships, it was assumed that the total area of land allocated for residential, industrial and transport purposes correspond to 100% of all lands repurposed for non-agricultural and non-forestry uses. This is a simplified approach, used only for the purpose of this study, otherwise one would also have to include small areas of agricultural and forest land allocated for other purposes, e.g. surface waters and mineral sources excavation.
The spatial analysis and presentation of the obtained results were prepared with the use of ArcGIS 10.4.1. software (ESRI).
RESULTS
Input data and calculated indicators concerning the changes of agricultural and forestry land for non-agricultural and non-forest purposes in 2003-2017 are presented in Table 1 .
After analyzing the values of the Z X2 indicator representing the absolute degree of changes of agricultural lands in voivodeships for non-agricultural purposes, it was decided to divide the analysed units into four types:
• Type I -voivodeships with high intensity of agricultural land repurposing, Z X2 ≥1 • Type II -voivodeships with medium intensity of agricultural land repurposing, 1>Z X2 ≥0 • Type III -voivodeships with low intensity of agricultural land repurposing, 0>Z X2 ≥-0,5 • Type IV -voivodeships with very low intensity of agricultural land repurposing, Z X2 < -0,5
The spatial distribution of the voivodeships assigned to the specified types is presented in Figure 1 . The greatest intensification of the changes in agricultural land was observed in the Pomorskie and Śląskie Voivodeships, significant changes in Zachodnio-Pomorskie, Dolnośląskie, Małopolskie and Lubelskie, the lowest in partly traditionally agricultural regions of north-eastern Poland (Kujawsko-Pomorskie, Warmińsko-Mazurskie, Podlaskie, Lubelskie) but also in more developed regions (Mazowieckie, Opolskie).
The cluster analysis for the Z X1 and Z X2 indicators was applied to aggregate the voivodeships with similar level of agricultural land repurposing. Four identified clusters are presented in the dendrogram (Figure 2 ). The highest similarity was observed between the voivodeships in Cluster A-I: Kujawsko-Pomorskie, Opolskie, Podlaskie, Lubelskie ( Table 2) .
The values of the Z X4 indicator that represent the absolute degree of changes of forestry lands for non-forestry purposes, enabled to allocate the analysed voivodeships to one of the four types:
• Type 1 -voivodeships with high intensity of forestry land repurposing, Z X4 ≥1; • Type 2 -voivodeships with medium intensity of forestry land repurposing 1> Z X4 ≥0; • Type 3 -voivodeships with low intensity of forestry land repurposing 0> Z X4 ≥-0,5; • Type 4 -voivodeships with very low intensity of forestry land repurposing Z X4 < -0,5.
The location of the particular voivodeship types is presented in Figure 1 . The relatively large forest land repurposement occurred only in the Łódzkie Voivodeship, while medium changes in the voivodeships: Wielkopolskie, Małopolskie and Dolnośląskie.
According to the results of cluster analysis (Figure 3 , Table 2 ) for the indicators describing forestry land repurposing (Z X3 and Z X4 ) the most similar voivodeships are those assigned to the F-1 cluster (Lubelskie, Warmińsko-Mazurskie, Podkarpackie, Podlaskie). The lowest level of similarity was found for the Łódzkie Voivodeship. This is due to the relatively large area being the subject of land-use changes.
In the majority of the voivodeships, the structure of transformed agricultural and forest lands according to direction of changes is very similar ( Table 3) .
The largest areas were mostly repurposed for the development of residential areas (> 50%) - Figure 4 . The distinguishable administrative units are:
• the Kujawsko-Pomorskie Voivodeship, where the most of agricultural and forest areas were designated for development of industrial areas (48.4%), while for residential areas -46.2%; similarly in the Dolnośląśkie Voivodeship -46.1% for industrial land-use and 48.9% for residential, the Łódzkie Voivodeship -45.1% and 49.8%, respectively; • voivodeships, where larger part of agricultural and forest areas were designated for development of industrial area than to residential area: the Kujawsko-Pomorskie Voivodeship 48,4% and 46,2%, the Dolnośląśkie Voivodeship 46.1% and 48.9%, the Łódzkie Voivodeship 45.1% and 49.8% respectively; • voivodeships with a significant share of agricultural and forest lands repurposed for roads and transport development: the Podlaskie (15.5%) and the Lubelskie Voivodeship (11.1%).
The spatial diversity analysis in terms of the intensity in allocation of agricultural and forest lands for other purposes shows that:
• the highest intensity of land repurposement for residential development took place in Pomerania (the Zachodnio-Pomorskie and Pomorskie Voivodship), while the lowest in the Opolskie and Kujawsko-Pomorskie Voivodships; • the highest intensity of land repurposement for industrial development was observed in the Łódzkie Voivodeship, Pomorskie and Lubuskie; whereas the lowest in the south of Poland (Opolskie, Śląskie, Świętokrzyskie, Małopolskie, Podkarpackie). • the highest intensity of agricultural and forest land repurposement for industrial development was observed in Pomerania (the Pomorskie and Zachodnio-Pomorskie Voivodeships), and in the Lubuskie Voivodeship, while the lowest, in the Opolskie and the Warmińsko-Mazurskie Voivodeships (Fig. 4 ).
CONCLUSIONS
The study of the intensity of land transformations in the years 2003-2017 indicates the existence of zone distribution in the voivodeships. This is especially evident in the case of agricultural land repurposement. The intensity Explanation: P AF-res ( P AF-ind, P AF-tran ) -total area of agricultural and forest lands repurposed for residential development (industrial, roads and transport) in the period of 2003-2017, P res -total area of residential lands (industrial, roads and transport) in a voivodeship in 2017, X 5 -the indicator of repurposing of agricultural and forest lands for residential development (industrial, roads and transport), Z X 5-7 -normalized indicator value. .
of changes was highest in the west and lowest in the east regions of Poland. This depiction is confirmed by other surveys on regional development (Łaźniewska, 2015; Nazarczuk, 2013; Murawska, 2010) that demonstrate high diversity in terms of the development potential and investment attractiveness of regions, especially between the voivodeships of the western and the north-eastern Poland. However, some discrepancy exists in the assessment of the Mazowieckie Voivodeship, which is highly rated in economical rankings (Klóska, 2018; Drabarczyk, 2017) , but in the case of land use changes, it was evaluated at a lower position. A few voivodeships differ from others by exhibiting an increased activity in agricultural and forestry lands repurposement. Those changes in land use are not limited to the transformation of the land into residential areas, but also into industrial zones (the Łódzkie, Pomorskie and Lubuskie Voivodeships) or areas designated for road transport development (the Pomorskie, Lubuskie and Śląskie Voivodeships). This fact can serve as evidence of both the growing investment activity and in some cases, a catching-up process.
The study presents the statistical analysis concerning the land-use changes for non-agricultural and non-forest purposes in long-term dimension and high level of generalisation. However, the presented methods are applicable not only at the regional level, but also at the subregional one. It is a useful tool in the analysis of land-use changes concerning the suburban areas or so called problem areas, the development of which is falling behind in terms of meeting infrastructure and service needs. The available statistical data enables to analyse the issue in dynamic terms, comparing the land-use changes during shorter periods of time (e.g. five-year periods) than in the in the presented studies.
